Tree borne oilseeds (TBOs) contribute substantially to biodiesel production. Exploring possibilities for biodiesel production from native TBO like, Calophyllum inophyllum is the need of the hour. High fruit, yielding Canditate Plus Trees (CPTs) of C. inophyllum were selected from natural stands at Karnataka state in South India, extracted and estimated oil content in seed kernel. The transesterification efficacy of Calophyllum oil to biodiesel and factors influencing transesterification were studied. The mean oil yield in the selected CPTs was found to be 72.93%. Maximum biodiesel recovery was obtained at 1.1 % catalyst concentration, transesterification temperature of 60°C for duration of 60 minutes and Methanol to oil ratio of 5:1. Comparison of biodiesel production across CPTs recorded significant variations in biodiesel recovery for T1, T2 and T3 (85.6, 90.03 and 82.03%). The study recommends C. inophyllum as a promising source for biodiesel production and deployment of T1 and T2 for clonal propagation for quality planting stock production. Forest Departments and farmers are ensured for sustainable utilization of C. inophyllum and better economic gains.
Introduction
Fossil fuels, mainly petroleum-based liquid fuels, natural gas and coal have played an important role in meeting the energy demand. On the contrary, because of their non-renewable nature, these fossil fuels are projected to be exhausted in the near future (Ashraful et al., 2014) . The main reason for an increase in energy consumption has recently been due to the tremendous growth of transportations and industrial sectors (Fattah et al., 2013) . Due to fast industrial development, rising population, expanding urbanization and economic development in the globe the demand for energy is dramatically increasing. According to the estimation of the international energy agency, global energy demand is expected to increase by 53% by 2030 (Ashraful et al., 2014) .
In India, there is a huge gap between demand and supply of fuel oil, which is presently met by imports putting a heavy burden on foreign exchange in the country (Dwivedi et al., 2011) . The global awareness of energy crisis and the environmental impacts linked with fossil fuels has led to examine the prospect of using alternative energy resources such as biodiesel. Biodiesel production provides a substitute for nonfossil fuel (Sanchez et al., 2015) . Biodiesel produced from edible oil feed stocks in commercial quantities are generally referred to as first generation biodiesels.
Tree borne oilseeds (TBO) of Indian origin play a vital role as feedstock for biodiesel production, among which Pongamia pinnata is very popular. However, there are many underutilized TBOs available in the country, namely Calophyllum inophyllum a promising TBO. Calophyllum inophyllum L. belongs to the family Clusiaceae and is commonly referred as Indian Laurel. It is a broad leaved evergreen tree occurring along the coastal belts (Kadambi et al., 1957) . The seed kernel is reported to contain oil, which finds wide applications, some of which are Luminant, lubricant, soap making and medicated oil. The timber is used for beams, furniture, railway carriages and ship building (Shetty et al., 2002) . Though C. inophyllum is known for its oil that possesses medicinal values, only very few researchers have worked on the production of biofuels from it (Sahoo et al., 2009 ). The present study was undertaken to effectively utilize the potential tree borne oilseed, Calophyllum inophyllum, for biodiesel production and to identify and utilize high oil yielding clones of C. inophyllum for raising quality planting stock.
Materials and Methods

Fruit collection and processing
Mature fruits of C. inophyllum at yellow, green stage were collected from six high fruit, yielding Candidate Plus Trees (CPTs) selected in Udupi district, Karnataka and bulked. This seed lot was utilized to standardize the technique of biodiesel production. The mature fruits were cut open to release the nuts and stored at room temperature (32 ± 2°C ; RH 61±2%) for a month. Later the nuts were broken to extract the kernel and the initial moisture content of the kernel was estimated. The kernels were shade dried at room temperature to attain 5% moisture content and then used for oil extraction. On an average it took about 15 days for the kernel to dry.
At the same time, fruits were collected from three selected high fruit, yielding CPTs namely T1 from Saligrama (N1328.634, E7441.420), T2 from Kethiyur (N1319.867, E 7442.678) and T3 from Alavoli (N1335.917, E7440.466) selected in Udupi district. Similar to bulk seed lot the kernels were separated and maintained as three individual seed lots, T1, T2 and T3 oil was extracted oil separately from these three seed lots and compared for biodiesel production by transesterification.
Estimation of oil content
The dried kernels were ground to a coarse powder using seed grinder and 10 g of the powder was taken for oil extraction. Solvent extraction method employing Soxotherm was used with Petroleum ether (boiling point: 40 to 60°C) as solvent for extraction of oil as per AOAC 920.39C method (AOAC, 2007) . After extraction, the solvent was recovered by distillation and the residual oil was allowed to cool in a desiccator and weighed. The percentage of oil in the sample was calculated as follows, Weight of the extracted oil x 100
Weight of the seed sample
Effect of concentration of catalyst-potassium hydroxide on biodiesel recovery
The standardization of transesterification was initiated by taking different concentrations of potassium hydroxide (KOH) as a catalyst. The reaction mixture consisting of 10 ml of oil and 20 ml of methanol was kept constant for all the experiments. To determine the effect of the amount of catalyst needed to convert the Calophyllum oil triglycerides to its respective esters, reactions were conducted with varying quantities of catalyst, 0.5%, 0.7%, 0.9%,1.1% and 1.3% on the w/w basis of oil. The reaction time set was 30 min at 50C. Once the reaction was complete, the reaction mixture was allowed to stand overnight for separation in separating funnel. After the separation of the upper layer containing esters, the purification step was carried to obtain pure biodiesel. Magnesium sulphate was added to esters to absorb the water present and
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Anandalakshmi et al., IJALS, Volume (10) Issue (2) May -2017. RESEARCH ARTICLE centrifuged to remove glycerol traces. This was followed by heating in water bath at 70C to remove excess methanol. The experiment was replicated to determine the exact catalyst concentration. The biodiesel obtained at different concentrations of KOH was measured to determine the appropriate volume of catalyst required.
Effect of transesterification temperature on biodiesel recovery
The next important parameter studied was transesterification temperature. 10 ml of oil and 20 ml of methanol was taken for the experiment. The concentration of catalyst was selected from the result of the study that gave the highest recovery of biodiesel. To determine the effect of temperature on biodiesel recovery, 40, 45, 50, 55, 60 and 65 (C) were set for transesterification for a duration of 30 min. Similar to the previous experiment on effect of catalyst, the biodiesel recovery was estimated for each temperature. The highest biodiesel yielding transesterification temperature was recorded as the most appropriate and was applied to the below mentioned experiments.
Effect of transesterification duration on biodiesel recovery
The third parameter analysed for standardization of biodiesel was the time required for heating the mixture or transesterification. Taking 10 ml of oil and 20 ml of methanol, and the appropriate catalyst concentration and temperatures identified, the efficacy of biodiesel production was tested at varying durations of transesterification namely, 30, 40, 50, 60 and 70 minutes for a reaction. Similarly, the catalyst concentration and temperature were chosen based on the result of the highest yield of biodiesel in the previous experiments mentioned above. The highest biodiesel yielding transesterification duration was identified and marked as the appropriate duration and was applied to the following experiment.
Effect of oil to methanol ratio on biodiesel recovery
The ratio of oil to methanol is the main factor in the recovery of biodiesel. Catalyst concentration, temperature and time duration was selected based on the yield on biodiesel recovery. The Oil: Methanol ratio tested varied from 10:10, 10:20, 10:30, 10:40, 10:50 and 10:60 ml. The reaction was carried under optimum conditions of all parameters except oil: methanol ratio. After the completion of the reaction, the mixture was subjected to separation, centrifugation and purification. Finally the highest biodiesel yielding ratio was identified and the corresponding oil: methanol ratio was marked as optimum.
Transesterification-Biodiesel production
The plant or vegetable oil is not suitable for direct use for energy purposes, mainly due to high viscosity that hinders the oil to perform like a diesel. Hence there is a need to convert the plant oil into biodiesel through a chemical process termed "transesterification". The most viable and economical process is the transesterification process (Kumar et al., 2011) . Calophyllum oil (10 ml) each from T1, T2 and T3 were taken separately in round bottom flasks and acid esterification was carried out with 0.5ml anhydrous sulphuric acid at 60⁰C for 2h at molar ratio methanol to oil 4:1 results in conversion of free fatty acid to triglycerides (Ong et al., 2011) . The reaction mixture was poured into separate funnel and allowed to stand for 90 min, then bottom layer was separated to carry out transesterification using alkaline catalyst potassium hydroxide and it was dissolved in methanol and reaction was carried out under certain temperature and time with constant stirring. Then the products were allowed to settle under gravity in separating funnel overnight to separate methyl esters and glycerol. Due to higher density, glycerol settled at the bottom of the funnel while methyl esters occupied the top surface ISSN
-758X
Anandalakshmi et al., IJALS, Volume (10) Issue (2) May -2017. RESEARCH ARTICLE (Subramaniam et al., 2013) . To the separated methyl esters pinch of magnesium sulphate was added to absorb the water content present in esters (Hossain and Boyce, 2009) . Then centrifuged to remove the glycerol traces if any present in the methyl ester mixture. To remove the excess methanol present in an esters the mixture was heated in a water bath for 10 to15 minutes.
Statistical analysis
The experiments were conducted in a Completely Randomized Design. The optimum conditions for transesterification were tested in 4 replications for each parameter. The effect of seed source on oil content and biodiesel yield were analysed by ANOVA at the 5% level of significance using GENSTAT 5.0 software. Prior to analysis the percentage data were transformed to arc sine values.
RESULTS
Standardization of biodiesel production and influence of various factors
The experiments on standardization of biodiesel production from Calophyllum oil showed that 1.1% level of Potassium hydroxide (KOH), 60°C and transesterification time of 60 minutes were found to be a suitable combination of parameters for high biodiesel recovery ( Fig.-1, 2 and 3 ). The data showed that biodiesel recovery was high at 1.1 % of KOH as a catalyst, but it decreased at 1.3 % concentration of KOH. Here, from 0.5% to 0.9% KOH the biodiesel yield increased gradually and the peak was obtained at 1.1%, while a further increase in the concentration of catalyst decreased the recovery of biodiesel. The volume of biodiesel also coincided for highest value (18.87 ml) at 1.1% concentration of KOH (Fig.-1) .
The recovery of biodiesel increases with temperature, rises up to a certain limit and then decreases. In this experiment, the highest recovery of biodiesel (66.52%) was noticed at 60ºC which gradually decreased to 58.3% at 65ºC. The volume of biodiesel were 19.23 and 19.98 at temperatures 55 and 60 ºC which were significantly higher than other treatments (Fig.-2) .
The time decides the completion of the reaction. Standardization of reaction duration on biodiesel recovery showed that for 30 and 40 minutes, the (Subramaniam et al., 2013) . To the separated methyl esters pinch of magnesium sulphate was added to absorb the water content present in esters (Hossain and Boyce, 2009) . Then centrifuged to remove the glycerol traces if any present in the methyl ester mixture. To remove the excess methanol present in an esters the mixture was heated in a water bath for 10 to15 minutes.
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biodiesel recovery was low. The peak biodiesel recovery was at 60 min. Once the yield of biodiesel recovery reached the maximum in certain time then increase in time had no effect. Here, the methyl esters recovery was a maximum at 1 hour and the increase in time to 70 min did not improve the yield. The volume of biodiesel recovered was significantly higher at 60 and 70 minutes recording 21.67 and 21.32 ml biodiesel respectively (Fig.-3) .
The selection of alcohol and its ratio with oil for transesterification is the most important step because it directly affects the yield of biodiesel and the results obtained have been presented in Table 1 and Figure 4 .
However the volume of biodiesel increased with increasing parts of methanol, which is of least relevance. Of the six ratios tested, the oil: methanol ratios of 1:4, 1:5 and 1:6 yielded biodiesel recovery of 69.4, 71.0 and 70.7%, respectively which were on par with each other but were significantly higher than the other ratios. However, considering economic usage of methanol ingredient for transesterification the 69.4% recovery yielding a ratio of 1:4 was identified as the optimum ratio for oil: methanol.
Comparison of biodiesel recovery across different seed sources of C. inophyllum
The oil of C. inophyllum from three seed sources (Fig.-5) . The oil recovered for three seed sources were 75.37 (T1), 76.90 (T2) and 72.93 % (T3) respectively with T2 ranking the highest followed by T1.
The biodiesel recovery percentages for three seed sources T1, T2 and T3 were found to be 85.6, 90.03 and 82.03 % were respectively. The highest biodiesel recovery was obtained for T2 source (90.03 %) followed by T1. The biodiesel recovery in this experiment was carried out using the combination of 1.1 % catalyst, 1:4 ratio of oil: methanol at 60C for 60 min.
Discussion
Biodiesel yield and its influencing factors
Factors such as the concentration of the catalyst, temperature of the transesterification process, the time were extracted using soxotherm. The corresponding volume of biodiesel yield and recovery percentage was also determined and the results obtained have been tabulated in the table 2. Oil yield and biodiesel recovery from three different seed sources of C. inophyllum of Udupi district varied significantly (Fig.-5) . The oil recovered for three seed sources were 75.37 (T1), 76.90 (T2) and 72.93 % (T3) respectively with T2 ranking the highest followed by T1.
Discussion
Biodiesel yield and its influencing factors
Discussion
Biodiesel yield and its influencing factors
Factors such as the concentration of the catalyst, temperature of the transesterification process, the time required for transesterification and ration of oil: methanol were found to significantly influence the biodiesel production. In this study, the concentration of the catalyst, KOH beyond 1.1% had a negative effect on biodiesel production and it could be inferred that excess catalyst reacted with oil, leading to the formation of soap, thereby reducing the yield of biodiesel which in turn makes separation of esters difficult. Nevertheless, low concentration of catalyst leads to incomplete conversion to biodiesel as observed in this study. Atabani et al. (2014) recorded the highest conversion of methyl esters at 1% amount of KOH. Thanh et al. (2010) reported that 1 % KOH was the optimum amount of transesterification process. Catalyst amount of 1 % potassium hydroxide by weight of oil was effective in the conversion of oils to biodiesel (Agarwal et al., 2011) . Studies by Chhetri et al. (2008) reported that optimum conversion to methyl esters on the transesterification of waste vegetable oils with NaOH as a catalyst was obtained at 0.8 % concentration of NaOH and that ester yield decreased with the increase in sodium hydroxide concentrations. Meng et al. (2008) also used NaOH as the catalyst in the transesterification of waste cooking oil and reported that 1wt % (of oil) NaOH is the optimum catalyst concentration.
Temperature being is a key factor in trancesterification. The rate of transesterification reaction is influenced by the reaction temperature and so, it is carried out at temperatures close to the boiling point of methanol (60°to70°C) (Sharma, 2009) . Stagnation in biodiesel production after reaching a particular temperature is due to the fact that alcohols remain in the vapour state on reaching their boiling points and its availability to take part in the reaction is stalled resulting in low biodiesel conversion rates. Although reflux condenser was used in the experiment to condense back the alcohol in the reactor, the conversion efficiency significantly decreased after 60ºC. As the boiling point of methanol normal is 64º C, beyond this temperature the biodiesel conversion was less. A similar trend was recorded in the present standardization experiment. Atabani et al. (2014) conducted transesterification at the temperature 60º C. Ong et al. (2014) carried out the transesterification at 50ºC for Calophyllum oil. Silitonga et al. (2013) reported 60ºC was optimum temperature for biodiesel recovery. Selvabala et al. (2011) concluded that for neem oil the maximum conversion to biodiesel was at 60° C.
The longer reaction time causes the recovered biodiesel is to undergo hydrolysis and reduces the yield of biodiesel totally due to the formation of soap. Thus, reaction time was also a controlling factor if the biodiesel recovery. Extending time after 80 minutes had a negative effect on the yield of biodiesel and this was reported by Agarwal et al. (2011) in various vegetable oils. The maximum conversion of biodiesel was obtained at 60 minutes as reported by Atabani et al. (2014) . The transesterification parameters were analysed by Selvabala et al. (2011) and concluded 1 hr as the standardized time for biodiesel recovery for neem oil. In this study the optimum duration for transesterification was found to be 60 minutes.
From the results, it can be explained that 1:4 oil to methanol ratio gave the best ester yield. It has been opined that the low molar ratio of vegetable oil to alcohol interferes with the separation of glycerin because the solubility increases favouring formation of methyl esters. Whereas, when glycerin remains in solution, it hinders the reaction process leading to methyl ester production (Murugesan et al., 2009) .
It has been reported by Hossain and Mazen (2010) that the highest biodiesel yield (68.5%) was obtained from waste oils under conditions of 3:1 oil-tomethanol molar ratio, 0.5% NaOH catalyst at 55º C reaction. Sharma (2009) documented that one kg of Pongamia oil yielded 0.30 kg of biodiesel while one kg of cotton seed oil only yielded 0.070 kg of biodiesel under optimum conditions such as 70ºC and methanol to oil ratio of 6:1.
Variations in biodiesel production across sources
From the studies, it is evident that the seed source T2 and T1 are promising CPTs for serving as mother trees for quality stock production through clonal propagation. Use of quality stock from authenticated improved sources for planting programs ensures better economic gains and the practicability of using oil from selected seed sources of C. inophyllum for biodiesel production would be a success. Ashraful et al. (2014) reported that C. inophyllum seeds had an oil content ranging from 65-75%. Atabani et al. (2014) states that the oil content of Calophyllum varied from 60 -73%. According to Chavan et al. (2013) the oil percentage of Calophyllum was 55-75%. The variations in oil content in C. inophyllum were highly influenced by the provenance contribution (99.8%) (Hathurusingha et al., 2011) . Similar reports were obtained for oil from Pongamia pinnata (Kaushik et al., 2007) and Jatropha curcas (Rao et al., 2008) . Considerable variation in oil yield in promising CPTs of Jatropha curcas was reported in Eastern India and confirmed through molecular studies (Singh et al., 2009) . In Jatropha, the greatest prospect for yield improvement lies with improving the germ plasm (Henning, 2008) . This was also found applicable to C. inophyllum. Ong et al. (2014) achieved 98.9% of methylesters from C. inophyllum by using 1 % catalyst concentration, 9 : 1M ratio of methanol to oil at 50C for 60 min. Atabani et al. (2014) achieved 85 % of fatty acid methyl esters from C. inophyllum via transesterification under the optimum conditions of catalyst concentration of 1.5 % and methanol to oil ratio 6:1 at 65C. Silitonga et al. (2013) achieved maximum conversion of biodiesel 92% from Punnai oil under the conditions of 10:1 methanol to oil ratio at 60C.
In conclusion, Calophyllum oil is amenable to biodiesel production and can benefit the society and environment in a large way. Biodiesel production from Calophyllum oil need to be decentralized for wider public use so that pressure on fossil fuels can be reduced. Selection of appropriate seed sources of C. inophyllum vouches for the success of the biofuel mission of the Indian Government through forestry programmes. Tree improvement of indigenous tree borne oilseed like C. inophyllum would promote tree cultivation and provide additional income to farmers. The wastelands along canal bunds and coastal belts can be put to productive use through raising high oil yielding accessions of C. inophyllum.
